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" Arznoimittol-forachunZ 13: 1109-16, 1963

'ror• the Hygiene Institute of Justus-Ijebig University, Giessen;
Professor Dr. med. B. Kemkes, Director.

ALTERAT'OC:S OF BACTERIAL TOXINS BY
TH CONSTIT2UXTS_-; OF CHAMOMILE AND

HORSERADISH

4th Communication by Manfred Kienholz

V1. Study on the Question of the Conversion of Lethally Actinf
`-- y'iococci Toxin into Toxoid under the Action of Chamomiles
and Horseradish Constituens

If we visualize and illustrate the structure of a toxin,
we can find a way to detoxicate it. It is generally believed
today that a toxin consists of a toxophore and a haptophore group.
The toxophore group, as its name implies, is responsible for the
toxicity, while the haptophore group is responsible for anchoring
the toxin in the organisms.

The possibilities for rendering a toxin harmless would,
accordingly, consist, first of all, in destroying both the toxo-
phore and the haptophore group. Second, the toxin could be de-
prived of its toxicity through the destruction of the toxophore
part. Its haptophore group would remain intact here and could
occupt the receptors which are specific for the toxin in the cells.
if we block all receptors by incorporating only the haptophore
group, then the subsequently injected toxin could not become
firmly established and would remain ineffective. In other words,
we would, basically, be dealing here with a toxoid, that is to
say, a poison or toxin, which had been deprived of its effective-
ness but not of its antigenic properties. On the other hand,the
the effect of a toxin could be eliminated through the destruction
of the haptophore group because a toxin without adherence to
certain receptors in cells cannot take effect.

By means of immunization tests, we can prove in the animal
experiments, whether or not the entire toxin complex or only the
toxophore toxin portion has been destroyed. If we allow, for
*instance, formol to act upon an exotoxin for a longer period of
•.me at 370 C and if we inject a quantity, out of this formol-
toxin mixture, which earlier had corresponded to a multiple LD
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Into an animal, the animal will not die. If we administer to an
animal, pretreated in this fashion, several LD's of active,
.den:.cal toxin about six weeks after the Injection of the formol-

"•:.:in • -are, :h-n aenal "'l r svive. Accord ly, �he
.he effect of formol has destroyed the toxophore but not the
haptophore group of the particular toxin. If an animal does not
die right away after the incorporation of a substance-toxin
mixture, and if it instead dies of the incorporation of the
corresponding active toxin, following a few weeks after the first
injection, then we must conclude that the substance destroyed the
poison or toxin as a whole.

On the basis of these considerations I mixed the lethalV
acting toxin of the staphylococci with various quantities of
chamomilc and horseradish constituents which I 'lad tested and I
keDt them at a temperature of 370 C. As soon as the toxin had
been detoxicated, I administered it ip. to a series of mice; I
injected it in quantities which, before the start of the ex-
pernZ, had corresponded to 5 ID. Then I froze the toxin at a
temperature of 700 C in order to protect it against the further
action of the chamomile and horseradish constituents; 4 weeks
after the first injection, the mice received the same dose ofC the detixicated lethal toxin of staphylococci, ip. After
S another 4 weeks, the experimental animals were given 0.5 cm3 -

6 cm3 of active, lethally acting staphylococci toxin containing
5 LD. All animals died at the same time as the control mice.

VII. Discussion of Experimental Results

The experimental results reveal that chamomile and horse-
radish constituents inactivate the blood-corpuscle-dissolving
toxins of streptococci and staphylococci.

"aere the water-soluble azulin derivative and the pro-azulln
containing petrolether extract from Flores Chamomillae are
particularly important. They detoxicate, for Instance, within a
few minutes a six-fold quantity of the staphylolysin dose. which
was found in the empyema punctate of patients revealing a picture
of serious staphylotoxicosis.

When it comes to action upon Streptolysin 0, the allyl-
rustara oil, which makes up about 6% of the horseradish oil, is
not far behind the water-soluble azulin derivatives and th.e
pearoleth.e extracts from chamomile flowers. The other chamomile
and horseradish constituents likewise are capable of rendering

K.
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( considerable doses of Streptolysin harmless although only after
some time.

Since Streptolysin 0 is inactlvated by oxidation (Neill
-a--n' 1, C"*'-- It- -j-, -r ~ -c %........ t a-

effect of the substances exam.ined by us in an oxidation process
-*Zured by them. This was probable also inasmuch as all of our

substances had double-combinations and because it is known that
oxygen can accumulate next to double-compounds. As the result of
this, the chamomile and horseradish constituents could have gained
an activity such as we find it in the organic peroxides (Grab, 91).

In order to answer this question, I first of all allowed
hydrogensuperoxide (Perhydrol Merck), cyclohexanon, and the
ammonium salt of guajazulin sulfonic acid in equal molar concen-
trations to act upzn Streptolysin 0 and upca the allyl-hemolysin
of the staphylococci and i compared the detoxicating effect of
these substances.

Compared to the allyl-hemolysin of the staphylococci, the
azulin derivative was 24 times more detoxicating than hydrogen-
superoxide and compared to Streptolysin 0 it was 12 times more
detoxicating. Cyclohexanon had a detoxicating effect neither uponastreptolysin or upon staphylolysin.

in order to determine whether the azulin derivative reveals
a stronger detoxicating effect after contact with oxygen, I mixed
,he az=&onium salt of the guajazulin sulfonic acid with hydrogen-
superoxide. The deep-blue azulin derivative began to become dis-
colored after nearly two hours following the addition of
hydrogensuperoxide; it was bright violet after 12 hours and it
was colorless after 24 hours; after 8, 16, 24, and 48 hours, the
detoxicating effect of the azulin derivative, altered by the,
h.ydrogensuperoxide, was tested. It was found that, as the time
of action of the hydrogensuperoxide upon the azulin derivative
increased, the detoxicating effect of the latter decreased. After
48 hours of contact with hydrogensuperoxide, the azulin derivative
had lost 1/6 of its effect against staphylolysin and 1/4 of its
effect against streptolysin.

On the basis of these results we can conclude that the
detoxication of the blood corpuscle dissolving streptococci and
,zaphylococci toxins cannot be based on an oxidation in the sense
of a giving-off of oxygen to the toxin complex.
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According to more recent views, the dissolution of
erythrocytes by streptolysin and staphylolysin and can be traced
t6o the fermentative effect of the toxins (Schmidt,' 280). In

chamonmle and horseradish constituents we must also think of the
ferment-blocking or ferment-inhibiting property of the azulins
and mustard oils. This is why we allowed the chamomile and
horseradish constituents to act upon the fibrinolysin of strepto-
cocci (streptokinase) in identical molar concentrations and in
the same quantities as upon the streptolysin. The fibrinolysin
activity however was impaired neither by the azulins nor by the
mustard oils. According to this result it does not seem possible
to trace the detoxicating effect of azulins and mustard oils to
a ferment blocking or ferment inhibition.

Through corresponding experiments we were able to prove
that a detoxication of streptolysin and staphylolysin by chamomile
and horseradish constituents could not be simulated by having
the azulins and mtistard oils accumulate around the erythrocytes
and thus withdrawing them from the attack of the toxins or changing
the erythrocytes membrane in such a way that it can no longer be
destroyed by streptolysin and staphylolysin. Furthermore, we
kept checking the effectiveness of the toxin without active
substance addition as well as the pH value of all toxin-substance
mixtures during the experiments.

Because the detoxication of streptolysin and staphylolysin
can be explained neither in the light of the light of the
oxidizing effect of chamomile or horseradish constituents in the
sense of a giving-off of oxygen, nor on the basis of a ferment
blocking or ferment inhibition brought about by these substances,
it would seem that the detoxicating effect of these autoxibable
substances migITt perhaps be traced to the giving-off of electrons
to the toxin complex. Through the accumulation of electrons,the
toxin could be discharged partly or completely and could thus be
inactivated.

The fact that precisely the antiphlogistically acting
azulins have a strong detoxicating effect caused me to study the
antirheumatically acting substances. This appeared Justified
inasmuch as they act not only antiphlogistically but also as ahIa-ng effect during an inflammation process which is always

tirigered by a chemical substance, such as body-alien protein,
peptide, or toxin (Grab, 89, 90). Without going into any detail
on the individual Ant•rheumatica, I would only like to point out
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f •n.• they, likewise, have a detoxicating effect which is equal to
that of the azulins.

i found -•-.n • celery oil has a de•oxlca•Izg effect on strep•o!ysin
0 a•d S•aphylolysin. Celery oil is composed of about 60% d-limonene,
about !C% selenene, 2.5-3.0% sedanolld, 0.5% sedanonlc acid an-

.. j•_•, •/• se•qulterpene alcohol, guaJacol-like phenolder!V•,•'"',•
and pa!m!tin acid. The study of the individual revealed that
detoxicating effect of celery oil is to be ascribed to selenene
alone which is isomeric with azulin -- it has the same sum
formula -- a.•nough selenene is a bicyclic sesquitertene while
azuiin consists of a condensed ring system with 7 and 5 C atoms.

The results which we obtained in connection wl•n the action
of vitamin A upon streptolysin and staphylo!ysln are interesting.
For these experlzents we used a vitamin A-paimitate which had been
dissolved in p•opyleneglycol. It had a conserving (preserving)

effect upon strep•olysin. This effect of vitamin A upon strepto-
iysln can be e•p•ned on the basis of its extraordinarly easy
capability because the vitamin first of all picks up oxygen,
before the latter gets to the streptolysin, in order to inactivate
it (Grab, 91). Vitamin A had a weak detoxlcating effect upon

Ch staphylolysin, in this connection I might mention that vitamin-

A is also capable of cancelling out the toxic effect of sodium
benzoate and citrai, something which has not yet been validly
explained (Moore).

The questlon as to whether there are interrelationships
b•tween the detoxicatlng and the antibacterial effect could like-
wi•e be answered as a result of our investigations. The clarifi-
cation of such a relationship appeared to be important inasmuch
as the reduction of the number of germs can simulate a reduced
toxin formation. A relationship between the detoxicating and •ae
az•ibacterlal •ffect is to be excluded here as far as chamomile
constituents are concerned because of the fact that they do not
have auj effect on the growth of streptococci and staphylococci.
The dete=mina;•on is more difficult in the case of essential
norseraais., oils because these, .•.,•'• the exception of diallylsulfld
are more or less heavily germ-inhiblting. On the other hand,
•'.,•,,• it is oreclsely the phenylpropyl mustard oil which most

%,..•C.. has
effectively suppresses the growth of streptococci and .'•" •
no effec• whatever on the blood corpuscle dissolving toxin of
these germ&. Horseradish oil, for instance, is more bacterlostatl-
cal!y effective against streptococci and staphylococci "--

SAilyl-
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( .ustard oil; the latter, however, can detoxicate the blood

corpuscle dissolving functions of these viruses much faster and

can do this through the effect of smaller quantities than in the

case of horseradish oil. Thus it seems that, for essential

horseradish oils likewise, there is no relationship between their

antibacterial and their detoxicating properties.

O3z. e;:ren: f' .•ermore g.ve us .nfform*tlon as to

whether the detoxicating effect of one of the chamomile and horse-

radish constituents tested is due to the inactivation of already

produced toxin or due to the insertion into the process of toxin

formation. When we allowed the horseradish constituents to act
upon m-owing streptococci and staphylococci, then -- on the basis

of identical action times -- we achieved a detoxication of the

toxins through considerably smaller active toxin concentrations

than when they were acting upon already existing toxins. This

can be explained as follows: First of all, the smaller active

substance quantities might produce a detoxication because live

bacteria form less toxin than when we use when we allow the

substances to act upon already existing toxin. Second, it might

be conceivable that the horseradish constituents penetrate into

"the body of the bacteria and participate in an inhibitory fashion

in the process involved in the production of the toxin, which

Serhaps might require smaller quantities of the active substance.
We were able to establish these mechanisms at least for the

actin oof phenylpropyl mustard oil upon the hemolysin formation

of living streptococci. Although the phenylpropyl mustard oil --

even in a concentration of nearly 2,00O /cm 3 toxin -- was unable

to detoxicate streptolysin, the 2 ', in other words 1/10 of a

growth-inhibiting dose, was enough to suppress the lysin formation

of streptococci

In -he chamomile active substances we did .not find any.

such tremendous difference in their detoxicating effect on

aj--,dy cXis ting toxi4n, on the one hand, and on toxin produced

by live streptococci, on the other hand. This is probably

connected with the fact that the chamomile constituents have no

.!.c wha-ever on the metabolic processes in the bacterium, at

least not in the concentrations tested. They probably act only

h,,routh the inactivation of already treated-secreted toxin. The

q~uar•~ S required for this are so small that a part of the

effffect of azulins in vivo might be ascribed to their detoxicattg

Du-ing the production of staphylococci toxin we noted
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* that thne lethally acting toxirn of staphylococci is not identIcal
witha the blood corpuscle dissolving toxin of these germs (viruses).
'.:a ar-rived at this conclusion because the maximum of toxin forma-
tionl of the hemolysin and the lethally acting toxin was determined
at" different incubation periods and because the hemolysin capability
o-f' the germ-free culture filtrate was reduced already as of the
1216-.n day, while the lethal effect remained constant mostly up to
IVhe 18hday. T',he blood corpuscle dissolving toxi.n was also m.orQ'
inSens.-tive t o the effect of azulins and mustard oils than the
lethally acti'n~g one. Only the aMmonium salt of guajazulen
sulp.hon.ic acid broukght- about a more rapId detCoxication of the
Olood corpuscle dissolving toxin. All of these differences, we
believe, speak for a difference in the two staphylococci toxins.

~xor~mntsend at the conversion of lethally acting
staphylococci toxi-n into toxoid, under the action of chamomile
and h-orseradish. constituents, lead to the result that the toxicity
anCý ant!Igenic4_,ty of the toxin are equally cancelled out. This
means that eihronly the haptophore group of the toxin is
destroyed or the entire toxin complex.

ý;u-merous observations in the treatment of infected wounds
and infcections with constituents of chamomile and horseradish
.6nd-cate that these substances, in addition to the effect known
in the past, probably have a detoxicating effect upon bacteria
t~oxins.

T1h-Ls &:ppl)ies particularly for chamomile because its
constitLuenms have neither an an~tibacterial effect nor can. be
proved t%-o lzrt-Iclpate in the regulation mechanisms of the body.
!'%-s stron-ly devoloped antiflowmestic property likewise is not
suftfticien to expla-In all of the treat-ment successes achieved.

H:orsa-'adish. and its constituents have an extraordinarly
zt-rong atrisa- and bactericidal force. In addit'on, when

appi~'.corr-s pondingly, they influence the verretative system.. of
thea bcdy, increasing the sympathiCotonus. But there are also
J-n"'cat-ons fýor a det-oxicating effLect- upon bacterl'a toxins durin~g
tireat.mant wit.-h horseradish or its cons tituent~s. In zl;&-s
cornnection we are dealing p~rimarily with straptloco.'c! and s-.aph-yl-
cocci toxins; thscaused us to consider the toin of6 thes

die~eviruses f~rst of all from. the viewpoin~t of their. path~o-
~~ gerJ-c siAf c.4



wi-th 1 hel-p of Ivesatira"ons descrIbed i.n the literature
Fand supplmernted or. the basis of our owr. experiments, we foun~d
that -1hen b&Looý corpuscle dissolving toxin~s both of the streptococci
zand of tne staphy-lococclA mrust be miade solely responsible for the
toxe-mQ -marnifestations In case of a disease brought about by these

cauze2 of the overwhelrm,.ng position which the oxygen-weak
blood oorpuac~e dissolving toxin of the streptococci and the
ý-ý W em.lysn of the staphylococci take up ir. the correspondIng
diseases, we allowed the chamomile and horseradish constituents
to act upon these toxlins and we studied the inactivatir.7g effect
by -means of various me thods,

To tes; the detox~cating affect of a substance %qe ware
&ble to select only those met'hods which met a series of require-
ma n- t s

First of all, It was important to prove a detoxicat-irg
e~fect a s su a ', In cormbination with a siri~ultaneous change not
only '-n the active substance but also in the toxin concentrations.
Sazcor"-' 't was necessary to arrange the experimen~t In such a way

Sthat -1t would roughly correspond to natural conditions. Our
ex rimenta furth~ermore had to enable us to reproduce the results
exactly cand to malke the detoxiIication visible in vitro or In
vivo.

heewa-re two methods which met- these require-ments.

',.* The testin.- of the hemolysIn capability of toxins in
a icui en~ro-~.L..With the help of this methokd" we~wr able

to 6d,ýter-mire z'-e Ir:.-.-airment o.^ various toxin concentrations
wiztnout th.-e pre asence of bacteria through dI:'ferlng but spe c ilI c
Z.C t, 'v e S u bst-6an-ce qu,ýa n .1t Ite s. This method at th.-e same time en-
abied us to deter.=.'ne partial detoxicutions.

2. The irve stiGat ion of the detoxicatInZ effect ofL
va~oo bsa-nccs curing tche process of' toxin formatilor. of
ean a solid nutrilent medllum environment. _n using th 11s

methd :e wcra only able to vary the active su.bst,.;nce quantilty
basze ~tis ý_..Possible to Influernce the toxin .orma- lon of'

~ bactria inthe direction of ar. accurately rdte
to~n~rouctor.by ch~ar~ging the nutrient environment; utwe

opdto bLe zable to get some irndications as to whnetnaer the active
~.ubtanos '-ox!.:ate only the toxirn as such or whether they have

a oxcJn fctby exerting an inhibitory effect in the



Sprocess assuch; we hoped to get these inda cations frcm1
the errfe.-t- o1" chammomile and horseradi-sh constituents upon growlngZ

toxn-rrm~~gbacteria.

in both of th'1,ese methods, we tested react ivity of the
poison with the help of its blood corpuscle dissolving capability.

using a me-thod which was adapted to the f i rst4, e xpe r 1 -.ent:l
a:7r.anGemnent, vwe investigated the effect ofCchamomile and horse-
r--d-is-h constituents upon the lethally acting toxin of staphylococci.
The ac'tiv-'ity of the lethally acting staphylococci toxin we were
able to daternairce with the help of 20-g mice by means of iLp.
in ý ac, 4-1on s ;. n this connection, however, we had to accept, the
"Cact t-hat- tho ani~mals would reveal an individually differing
sensitivity to this toxin. At, any rate, these experiments are
~.ý..,ewise suf-fciently reproducible.

Of' the cham~omile, we Investigated chamnomile oil , ch.a ma z u IIn
andý a petr.olether extract, f rom, this plant as well as gua,',azul*1n
and the water-soluble sodium and ammonium salt of guajazulin
sul1ý1o*.nic acid as to their detoxicating effect. The petrolether
extract. was of signi.C icance to our investigations inasmuch as ~
contains the preliminary stages of the azulins whose effectivness
we were particularly interested in.

Of the horseradish we tested the hitherto known essential
01i's contained in it because they are essentially credited with
th, ealing effect of~horseradish. In this connection we are

d e aIi nz wit"h the essential oil obtained frorm the horseradish
root b y mzeans of water vapor dis'tillation, as well as its
components allyl-maustard oil, n-but~yl . zustard.. oil, phenyl-

musardoil, ph&-enylpr.opyl mustard oil, and diallylsulfid.

In order to test the impairment of the blood corpuscle
disolvngtoxins, we allowed all substances, in graduated

cuant-itiLes ranging Cfrom nearly 2,OOO0J'to 2~ upon the various
twoxins at a temperature of 370 C and upon streptolysi.n 0
addit-ionally at 40 C. Ar%'ter certain action times we determined
the activity loss of the toxins from their blood corpuscle di's-
solving capability, as compared to our control experiment.

Herea we found that all chamomile constltuents have a
detxictiU eC..4ect, upon the blood corpuscle dissolving toxin

of the streptococci. In part icu lar , the water soluble gua-ýazuliln
,"e-'va""ves and the proazulin containing petroether extract



C)from f4lores chamomile were able to enactivate several blood
corpuscle dissolving s treptolysin 0 doses within a yew minutes.

in the case of the horseradish const4Cituen~ts, 'l~kewise,
weeable to observe a tCoxin-inactivating effect, which,

'.ýowaver, fell below that of the chamomile const itI:u ent.s . Only the
allyl-must-ard oil had thle same ef"fect upon4 highly-purified
sz.rentolysin as tech.,am.om.'Ile constituents. Essential oil
obtained from the ho.-seradish root by mearns of water vapor
dist-illat-ion correspon~ded to the other chamomile constituents
with resnect to its detoxicatinrg effect. All1 other essential
o'Lls of horseradish revealed a considerably weaker effect.

After t,-hese investl-igatiorns, we were interested in the
cue stIon as to %-.he ther there is any 'kind of relationship whatever

~;;ecn ~e ibacteial and-he detoxicating effect beaue
.;a w uce &.owth-I -Ibtng substances, the toxin form.ation is

smal~eras a result. of the reduction in the number of germs and
beca&us e thssi~mulates a genuine detoxicating ef fect. On the
Oasi-.s of the very f-rst experimental results we were able to say

I-t here is no such relationship because precisely the .chamo-mile
constC,'tuents, which do not have any effect or only a minor effec

nt~h~e (-rowth of bacteria, did develop the strongest detoxicat

nesult-s, Vwh.ch we achieved in connection with the action

of camoileand horseradish constituents upon grrowing, toxin-
for.-...rn bacter_:ý, are also very informative. F.4rst of all we

Iduld 1,:e to0 say t-hat- It was possible, witj hehlo h

rabtblood agar method, it was possible to irnvest-i'ate the

e~'ecto:~' chmm and horseradish constituents both upon the

oxge-wak(s tre_ tolysin o) and upon the oxygen-stable
(st-re-ptolysln S), blood corpuscle dissolvingr toxin of the

s~retococl o-;h toxins were always impaired equally.

In tseeeietswe had to take into consIder"at-ion
t h a z.row.4t -nhb; effect of the horseradish constiJtuents;

t-s s why -we were able to add only small quantities of this

czu*L-'ance to the rapid blood agar, that- is, quantities which
woul r~t Iflur~c th grwthof the streptococci. In this

con,-neCot~ion %'a foun.d out the following: The hemnolysis of the
rab teirythr ocytes could be prevented throug~h the action of

cosc- rbysmle active substance quantities than we might
hvae exeoeitonte basis of the preceding experiments

conecedwi-zh thea action upon germ-free toxin. 7nis was

-10-



K~. :aiculry ~ 'n the cae ons th faor. o2'~ta: o 1. Thera were two explanatio- o hi:Frt0
ail, tetoxin format"on of growing st-reptococci might. be so

smal hat even the very smallest quatt,%, he~lpoy
r.;strdoi-'l would su2f'ice -n order to inactivate these toxin

nz i, Z. Second, we migvht, thi k o* ar- actio a thi ctve
)subs anca% *,:)n the to xin--ormingr produ~ction. process of theý

oteria-.- viwhc w ere able t-o torove wlth su7 2iclonz re~abii
-macl neanism, appnears. to be a ppý!'cab le lilkevwise for

heother- essential olls of horseradish, although not. in this
U)gee Athe same ti-me, these results enable us to arriva at

certain'n conclusions as to the conditions in vivo. As in the
case of rapid ag-ar, small quantities of horseradish oil will
suff'_ce In- order to detoxicate the toxins which are secreted by
*ý'e strept-ococci in small quantities 'in the tissues. In addition
bwa nave the f'act* that -th-e horseradish oils -- because o2 t .h ei r

groth-nh~~t ng effect -- reduce the germ count and thus also
then toxiLn output. ?hernylproply must.-ard oil assumes a special
~os'tion nsmc as it hnas a :detox'cating effect only through
itz; involvement in tZhe production process of the blood corpuscle
dis*solvingCr toxin. It. does not have any effect on already fformed

K T.-, s e f ac t very probably does not apply to the cha-momlile
"cnsite-nts because thre quarntit'es necessary for detoxicatlon -

re gzardý-ess o-7 whthrhey act- upon cge&rm-free toxin or upon toxin
duin ts production by l-_ving- streptococci - practically do

"nOt d-iffer.

ntecase of ';he ef'ect of chamom.4le constkt4uent-s upon
teblood corp-ascle dissolving- toxiLn of the stlaphylococci, we
ind t-hat the,- "wo w;ater solub'le guajazuliýn derivatives and thne

oroalin Conainincg petrol. ether extrac from flores milli are
diti~ushdby their stronr, detoxicat-ing effect. Chamomile
oilk Ihmzu~A and guajazuliýn, how.,ever, were able to inactivate

t~he toxiLn qc,;ant-Iti es tested only after a lonr-,er period of action
at. a tmeaueof nearly 370 0. By the way, the chamormile

os'-_'"ue-"s -ere less e--'ective agrainst- the blood corpuscle
disslvig txin te sa phiococci than against that of the

streptococci.

'.Ce %%ere a~ble to come up with similar .dig in connect~n
tne ~t~n 0 a lylmusard o"l and horseradish oil upon

-he bodcorouc- disl-gtxno he st-ap'nlococci be cause
th.ey, too, requ.re longer. periods of action for detoxicat.:'on



f) tan or he nactvaton f sreptolycen 0.* On the other hand,
`-a re- ir.ncg horsera dish, consti121-tuents behaved differen~tly, with

~eexcep)ti.-n of d'.allysulfide. ',hey had a stronge- detoxicatinm
"efoct ,c.on-the Cý'he-,olysin of the staphylococci than upon
s=,;epto lysen 0 -- both as regards the concentrations required for

.civaz'_on and as regards the action times.

In ost-Ln1- th-e a4--emo).ysin format'ion of staphylococci
under. the actizn of chamomile constituents in rabbit, blood agar

ae ound thtonly the two water soluble guajazulen derivatives
weare a a O e to stop the toxic effect-. This effect is probably
ý.ad o*-z n ah inact-ivation of already formed toxins because the
s ame-1 c o nCancet-r t ons and action times were required for t6-he
detox'-Cat',on of th.-e already f ormed toxin and of the toxin pro-
duced during staphylococci growth.

vWe achi.eved different results in connection wit-h the
actiLon of horseradish constituents upon c<-hemolysin formation
oxsrowinr staphnylococci. In an allergy to th1 aytegrwn

staph-.^ylococci influenced the lysin formation, we required
co-n-siderably sr-aller quantities of. active substance for the in-

activati-on of teblood-corpuscle dissolving toxin formed by

__the growing sta-phybococci 4hnan for the detoxicati:on of gerM-free
~ c:~nand thne test tube. W,ý find the differences only to the.-

e x t.ent t6hkat- t61e de tloxicat U on of the blood-corpuscle dissolving
toxr. of testayphy loCocci was not as pronounced as of the
henmolysin- toxi-n o,' the strepýtococci. Second, we were able to

nrove t~he 4involve-ment, in the production process of staphylolys.In
f or none of "'-e other horseradish constituents as definitely as

we were able to do tChis for phenylpropyl mustard oil with respect.

to its inhib~ting effect upon the production of streptlolysen.
AC any rate, a com,,parison of the results -- which we had compiled

in connection with the action of horseradish constituents upon
already -formed toxin and upon the hemolysin formation of growing
staphylococci -- enabled us to assume that the horseradish
constituent~s, with the exception of diallysulf'-de, have a very

=minor inhibitory effect upon the process of the production of
staphylolys_-n-

When -.a'Ki.,ng the lethally acting toxin of the staphylocomi
we areay fondInd.cations t-hat it is probably not identical

to the 'Zlood corpuscle dissolving toxtIn of these bacteria. The

azsumntlý3n was confirmed by the differing detoxiCatiaig efffects

of chamt'romi."le and horseradish constituents upon the lethally

actIng and the blood corpusc .le dissolving toxin. For instance,



C a. ubt~r~ezreclui.red differing, act-ion tlmes in order to 4in-
aczf'v-te corresondinLg toxi-n quantities; the detoxi cation of' the
.31oo" ccr--uL%-cle df__sO~ving toxin required considerably longer
action ",-'-es th.-an tChe inac tivation of' the lethally acting one.

Only 4the ammmonium. salt of' guajazul-n sulphonic acid produced a
more a~ iLnactivation o1' the lethally act*AngAr toxin.

Invest"igations as to t-he queztion of' the conversion of'
--tally actiýng stap-,hylococci toxin into toxoid, through the

of ch-oml an~d horseradish constituents, lead to the
-s'. ' t- o;:-*-4 y and ant igenic*'ty o-' the toxin i-ere

Y ýa -,: uczi t is thaerefore tZo be assume4 that thne chmal
co* &,_.: co ;.*'Luent s de stroy the ent ire toxin co=m.peýx

or t.he haptopnore gru.An flnactivation ofL* the toxophore group,
Cou-,Iad zn:.th hepre servat on of' the haptophoLre toxin portion,
,,:a were unable to achieve with- any of' the active substances tested -

nstrptozsin nor wIIt h st-aphylolysin, nor, 1'r that
- ~. ~~~iaand tetarnus t-oxin.

"grQess o-' t-he methods used, t-here is one thI-Jng thnat
az'or.lls to all Chamomile and horseradish cons tituents: Th'ne ir

dct::catn~ef.-f'ecz depends on the quality of' h toxin, the
a - cccetrati1on ol' t41he active su Ibstance, t--e duration o-'
the action, and te te-peataure durmrng the acton time.

The l:~eise antph ogi t~callyact-Indgnreuatc
revealad a datoyxicating ef'fect upon streptolysin an~d staphylolysin
.... ch was ioughl,..y as st-rongf as 'chat ofý' the azuLins. VitfMin, A.
hadý a pasrvn f'fect up on streptolysen 0 wh~nichn could easily
boac tvaedy oxygen.

it was now obvious to tk'hInk that the toxin inactivation
~ ~mie an~horseradish cons tituents could be explained

4..i-at o-' an oxidation involving the g-Iviýng-oi,- of' oxygen;
6..-s could notC be Conf'irmed through corresponding control

exoýeriment-s with"n hydrogen superoxide, cyclohexanon, and azulin
'"er th'e action of' hydrogen superoxide.

The nef''ectveness of' chamomile and horseradisha
~.zsttuetsagzai~nst the f-!brinolysin produced by the streptocc

~~:eto~:nas) mdeit very imporobDable that we are dealins with
blocrme nt p or f'erment, inhib~tion in connection wit.4h thas

tOxIn nc t.,iva ti o*.-

?erha-.-.th substances we tested had a Cdetoxicat'ng ef'f'ee-

13-



-aeause zhcy -ave of" electrons to the toxin r )mplex and dis-
a d e a erether partly o. co'plete.y.

.,• concluslon vie might say that gn the basis of thesw
Ir~vcsi'~gations, the chamomile and horseradish constituents

in adlton to their hitherto known effects, very
.paob y also have a detoxi.ating effect upon bacterla :r-.:ins.
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